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. Ehe, single— cylixKiVr pistpji— p. prt e,4. two— stroke ^engine . 
desorited in SJechjiioal IsTote Ho. 674 was used to investi- 
gate means 'of , pTitaining. reiia'ble.. opjBjra'tioij upder idling* 
condit ion.s »■ . irh.6., fiiel—consiimption. ch.a;ract er is.t ics of the. 
engine, w.eye. also st.udi.eid oVer the us efii.l "range of speedy., 
and loadk, us ing. s erer'al. dif t^r ent f ue.Xs . 'I'ue.l was sup- 
plied, to. the .engi.n.e a.s vapor 'mix.ed with the inlet air and 
also, "by,- di-reot inj.e^t ioji . into the cylinder,. 

.W.ith f.uel ihj eot ion .i.?it '6 . the cylinder, it was fpundr- 
possible .tp\ "idle .'sat i,s'.f .act pril the only ad^.ustmehts ' ." 
necessary w.er.e"'".scay enging pressure and fuel rate, ^'uei^^ " 
consTimpt ion' with injected fuel was oompara"ble 'with that 
of . .small. f.p.ur—str.p.k.e aircraft . engines,. , A B.pacific output 
of "2. 7.'i3, i,"a.t. ."brake" Xar.s epower pej" scLuare inch q'f pistpii . . 
area,, v/as" ,6.it.^ine.d; ali, :aii eng-ijae. speed, of ISO'Q rpm' ,p &r' . ' 
minute sijad "a. acav^ngYn^^ "■.'•. . • 



IHEHOD.U'OiniOir 



Previous work with -the. .piat on-=por t.ed engine de"i'criT3ed 
herein,, was for. the purpos.e of determining th^e practical 
limits., of. scavenging ef.f-iciency for this, f.or.m of cylinder 
in order that its optimum performance jn.ight. te- compared 
with the performance of other engine types, Quests were 
made first with various inlet— and exhaust— port timings 
and with many inlet— port -shages.- an.darr^gements (refer—, 
ence l). With the optimum port timing and arrangement 
determinod lay the first series of tests, a second series - 
was mad.e to determine, the o.pttmum p is.t on-^head and cylin- 
der—head shapes (reference's). . 
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ITearly all of tlxe runs referred to -were made at 
relatively high rotative speeds (1300 to 1800 rpm) and 
at a scavenging ratio of 1.4. Little . iiafor.mation was 
therefore obtained relative to the perf oflifari'ce' of this 
type of engine when operating at light loads, that is, ^ 
at low scavenging ratios,- low rotative s'peeds, or a com— 
binatiop. of both. Such combinations would be encountered 
at part throttle with propeller load aiid therefore would 
be of importance in connection with the cruising and idl- 
ing operation of an airplane engine. 

At low scavenging ratios, the percentage of residual 
cases present in the combustion chamber of a two— stroke 
cylinder may be several times as gre.at as in a four— stroke 
cylinder operating at the same fraction of full load. In 
the Cylinder of a four— stroke engine, the residual gases 
occupy only the clearance space. In the cylinder of, 'a two- 
stroke engine the residual gases occupy the. entire cylinder 
volume before the fresh char ge ent ers , and at low scaveng- 
ing ratios only a small fraction of these gases is pushed . 
out" by the incoming (jharge. Jhe- presence of this large 
fraction of residual gas is 'often the cause of the irregu- 
lar combustion ,t' misfiring, or. pr eignit ion" of the entering 
charge,' which has been characteristic of many: two— stroke 
spai'to-lgnition ettfeiries operating at light loads. 

Ihe .present investigation was 'und6rtaken principally 
to determine means of obtaining reliable and regular 
operation at light loads, particularly when combined with 
low speed, in this type- of engine. A second object of the- 
work v/as to detiermine the fuel— consumption characteristics 
of the engine with particular reference' to loads and r 
speeds corresponding to cruising operation. Several dif- 
ferent fuels and systems of fuel supply were used. 

Ihis invest igati on- ,-• conducted at" -l4iB MflissLachusetts . 
Institute of lechnology ,- was sponsored by, and conducted- - 
with financial assistance f r'om , "the National Advisory 
Commlttoe for Aeronautics.-" 



GENEEAL PLAN OB" TESTS 



Since ths primary ob;}eot of previous tests with this; 
engine had been the study of scavenging efficiency, most 
of the previous work had been carried out with a mixture 
of fuel and air for scavenging. SPhls procedure naturally 



SAG A. leclmioal Not 9.: Ho ..',919 



3 



irivolYed-" aa~ ^i>pre/cixL-tl,e; l:oss- of -fuel, frqm/.tiL^e. .axhau«^t 
ports .with : ■ .coji.'&-eq.ueiit -Ji igh.. specif ia .f iiel.. ^p.ois-uiij) t i.o^ , .. . _ 
In, th-e. present series of, teats , runs . were. m,3.(le .not' only; 
with carTDureted- mi^ytures of -this. kind'. TmV. alsb\wi.tt. fUer 
injection directly into the cylinder. 

Runs .were made, ov-er. a range" S'f sjje'ed "arid load' suf- 
ficient to coTe'r the pro'ba'ble useful range, of. an engine 
of this kind with the following fuel aTid' fuel— system 
00011} inat Ions,: - .. . 

1, lYluminating gas 'introduced- in"t"o iKe air supply 
• near' the inlet port-s,' 

2m Vaporized gasoline introduced intp the air sup— 

3, Gasoline injected dire'otly ■ into the cylinder- 
after completion of the scavenging process. 

. ■' 4. Saf-ety fuel Injected directly inte the cylinder 
after completion of the scavenging process. 

In order to aVbld c'Oli.f ub ion Several terms used in 
this report are defined: 

B cav'g'ng[lih.^ ratio .' "as 'defined' In"- ref'ereng&s 1 and 2, 

is .the 'ra^i.^: volume fd.if charge" at -inlVt jlenBit^^^ • 

passing through .thai ^cylin4er' ^'er ' "sVi^qlr^ to_ the p.is^bn ' 

di.splacement , . ' i'. . ' ' - - '\i '" / ~- '■ • ■ 

■ . ; ' S c av e nig i n g efficiency, 'is the, ratio ;o€ /the 'vjt^'xght <iif fresh- 

charg-e r etialned. in the .cylinder .per stroke ..to the product 
of . total, cylinder volume arid inlet! de'ns itjr. ' Inlet di9n"s"ity 
was taken, as 75° 5| .an S.' 3ft. 92- inch e.s" 'of .j^ercury in every' 
case, •; ■ - r , . .-, ; - -c ■ ;-- -' • -■^ s-- ' ■• • ■ 1 

■ ■ -Sr 9 s 6 . "br ak& ■ m ean .. ef f e ct iv e "pr.es s.ur e is ' defined _as tlie 
"brake mean.- effective pr es_s-u.r e. calculated .from the.dyna-r- 
mometer : "brake - i,oad_ when... Jh is SrTven., 

"by.a .s.epar Sft^Q. sour cgi of .B.ow.er. ... ' 1 ' .. ;■ •-- .1; .. 
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ma t "ti'rake moan "effective" -presaur-e is calculated "by 
as suraing -VO per bent adialiatic blower efficiency and sub- 
tracting the r'e;s-iil t ijxg blower mean effective pressurQ from 
the -engine- gross brake mean effective pressure. 

Scavenging pressure difference is_ the diff^erenpe. 
between the scavenging presaure" and' the pressure in the 
exhaust surge, ;tank. 

Il ixture volumes or air quantities are the volumes 
supp-lied to the engine' per minute- and are measured ic 
cubic foot at 75° S* and 29.92 inches, 'of.' mel- bury. IPheeo 
conditions existed at the inlet to the scavenging ]^umps . 

ruol rate is the rate of fuel flow to the engine in 
cubic ceii,-fa imet er s p;er- ■aj-tnu.te'. ' ' ' 

Sp ecific fuel consumption is the number of pounds of 
fuel -con-euned by th'e engine per hor sepowe^ houi* of bu-tput • 

Propeller load is a curve of- horsepower required 
which is assumed to vary sua -the - cube- of the engine spaed. 



.. .DJISOB.IPIDIOH .or APPASAarUS- 



Bngine ..— Th^ .cylinder -us-ed- fjor this- -work is shown' in 
figur.e ,1 and is. th.e ojie descr.ibed in- detail in reference 1. 
Brief lyi it is a. pi.eton— ported* two— stroke-, cylinder of .■■ 
4^inch' bore and 6— inch stroke. It consists of. an outer -■. 
barrel into which a longitudinally split cylinder sleeve 
fits. , .One, half of. this sleeve contains- th.e inl'st ports; 
tho other half contain.s the. esiijaus t . \poj-.t.s .. . .■ The -port tim— .. 
ing may be varliad 'by sliding. &n'e <>.r the 9.th.or half up or 
dowh in the out er ' barr el ' and Tockihg it in- the desired, 
position^ * {Dh© shape 'of ■ any of the' ports may be changed^ 
by means of removable inserts. 3?he cylinder head is simi- 
lar to an inverted piston ^he, sk.irt. .of which .extends out 
of the" top of the cylinder bore and includes "a. flange for . 
bolting it in- posit ion. The "compression ratio ' may be . . 
changed by sl-id ing' the head up" 6r " 'down in the ' cylinder . 
The inlet and exhaust passages " ai-e' par tly contained in the 
outer barrel. 
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HiiQ piston is made of aluiainuEij_al'3^oy and has edges 
rounded to a 5/8^ igchs radius; Thfe 's&ape is shown -as Ho, 4 
in figure 7 o£ reference 2, The cylinder head ia the 
standard cast— iron shallow spher ical ji^sign shown as B 
in figur.e 8 of .»Qj|i5r3snce 2. Ehs paxtt-^KgraAgement used is 
the one designatj^ , :2r. in r ef er ence_ XC, y..?!:^® comMinat ion 
of port t iming-»..;pjorjt 'arrangement, pisian-'and cylinder- 
head shape us e?d/ in^ tJies e . t est s was" tj^e^.^^c^^ that 
had heen f jound' . ■bp-^jgl.v e optimum full—I^^d:, performance in 
the previous ihveslsig^t i-ofts . ■"'V - _ . 

\ ■ : \ ~-!:--- • ■ : ■• i ■ ■ ■ - . - ■- 

■ A" heavy cas.t— ir.Gfl; . crankoase wa^' ue,e,d, -^-ith counter- 
weighted ■ cranksh^^jb^,,;;;... Water and oil', putig^- v.e^® separately 
driveri-"-hy elect rlilfC n^-t or s. .1;'^' .. -;' . " 

. ■ ■ :• ;ri^5 - Nr-^-T^if. ' - -----i-t - -■ -. 

Auxilia ry aiapar^tua . — Figure 2(aT_ is a schematic lay- 
out of the engine and its acceesorieS(>8e1;;;iip for sparfc-i 
ignition operatiea .-ioa- illuminating j jUThe -aSt.ujp . was 
similar to that d-eatca?."iT3 6d in r eference.?.-:! .■"anrd'^g'except for 
the additi'anal gas— i!t,e4i''S'iir-ing e<iuipm ent.:- 2" eou.ir ed hecajise . 
of the wid% .range.- ct^.g&,e --fciuantities .t^Dj.r.'bo'm;oa3ured. Sas 
and air w'er'o^ s.epajrat-eily' "m'easur&d/ and^^ separate 
"blowers. iia?rge~ ssurgec t ahks were' used* 'ijj.t.-ioth inle'^" an'jl'";' 
exhaust syst emg-. tQ:-.pr syeit dynamic' effects.' tha? might in'^ 
terf e3^e with- t.he.. seavertging process. -Bh©"'air ineasurleieiit s 
v^ere made .v^ifh ..a-rstand^Crd orifice "box^att-^ched to^ ijie 'air- 
V i-igli .r&tes of flow' of ii>lum-inat ingj^as. were 
m.easur tfiT.wi-t^ii a -pitoFt "tulDe in the gas 1 in-© -^t'he ptLtj)*^- ' tu)>js 
wste.^'l3al^;'bta.1i ed against the large industyial' gas'/mVtVr . ■ 
Inteifrneariat e fl.ovs-vere indicated "by mea,3aB:.&f ap|)Topf iat e 
cali"brat ed "or.if ices .inserted in the gas line', ' an'i' very 
small q.uantities were. -read directly, fromi th© sfc'all gas 
meter. Oarhoij dioxide under pressure was usSd to 'quickly 
erctinguish "backf ires i-n the inlet system.y: .iB.^efc-f ir ing wa.& 
often encounter ed when ■yiitvestigatin'g.'per-f^^ w.ith 
lean miztures , retardQ'4:--«5>'ai^i- or? Very low s6av«nging 
ratios. Sorm'al.' f ir ing.- coxlU4_ W'^mmediatel-y 't»-^esta'"bl ished 
without stopping, the .ehgiAe"or^-^kfe .bloweijs hy*- i"&troducing 
a small auant ity- of , -.GOg.; :'.l»y-meah'^ . of a q.\iiokf~act ing hand 
valv.e. ■" . . ■ ■' • " ■- ■ : 

. -■ '' . '""^^^ - • ' — 
Ihe' setup for va.po3iized' gasoline (f i-g-. ^SC-Tj )') 'was 
similar -to that used--wi;th' illuminating gas-, except thaTt 
provision- was made f or " riea'stirUng ' th^e fuel ratfe^'-'oo'th volu— 
metrically ■ and."by m«a^«. of;' a-Rot'aketer . ,. !rh0';.gaBoline was 
completely vappr"izpcL..Jby 3>aBs-iag".-iV throughea. steam--^ Jacketed 
tu"be.ihto 4 h'af f ^iA; VappM^ing ' t a^k .surr(5Tinded d hot— 
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water Jacket. For a given set of running conditions, 
the yolujae of aaxiliary;' air supplied to the vaporizing 
tank was .the EJame as the volumie of illuminating gas pase— 
ing through- this-' part ' of the system in the earlier tests. 
She main air~supply system wais the same. .as before, .and 
the total volume of gas passing through the engine was 
also the same at the same ■running conditions (neglecting 
the volume of the Vaporized gasoline, which would amount v 
to ahout -2 percent of the total volume). Ihe performance 
of- the eng-ine under- these c'oniditions .should represent 
that obtainable with gasoline uiider oon-ditions of very 
good carburetlon and distribution. . 

..S'igure 2( c) is a diagram of the' isetup used with in- 
jected fuel, Ihe total air supply was the same as before, 
except that all the air passfd through .the main air system; 
the. rate of air flow' was'm'easrirdd with 'bhe orifice box at 
the .inlot to the blower. The fuel was s-Q.pplied under a 
pressure «of. about ,20- pounds ^er' Square' inch .and was meas- 
ured in a fuel bur et tej- Which 'had an "alt .dom.e .t a 
the fuel pr essur.e> • Ins,ta,ntaneou-s''r ead'ings 'of rate of 
fuel flow \irere.- taken' witH a Eotamet.er. _^ Ehe fuel pump was 
a standard two— cylinder 3osch' puiap VitK' cams set at 180°. 
The pump was operated at half engine speed, and fuel was 
pumped from alt, e.rnate putop cylinders once per crankshaft- 
revolution, EThis/.^ystem Ti/as chosen because pump operation 
is more r elifibi.e- at Low putup- speeds , and it was further 
desired to try-; tiae effect bf injecting fuej on alternate. 
Sngine,!powar strokes by cutting out , &ne ' of the pump <;ylin-- 
ders, ^ Ihe. spray :nozzle used for most of.:the 't.este was a. 
IS^'Bosch pintle :type, whitJh' was chosen for. low penetrar-' 
tion .a'Jj.d good atpffizatioa, The ndzzie was. located on, 
the ;inlet side df the cylinder head with ji.t8 axis parallel 
to the cylinder bore, so that it. 'would; discharge downward 
into the upward blast -.of scavenging '.air', .'Vith. the fuel 
pump D.perat ing. at -half . engine speed, .the. inj ect ion period 
occupied a .rel-atiTBly. large n\imber of crank degrees., 
which probably eau&e"d most oif the air in the cylinder to" ' 
pass through the spray dur ing the inj ection. per iod. It 
was thought that the homogeneity of the charge would, be 
improved in this way over that obtained by injecting the 
fuel in one short burst early in the compression stroke. 
Figure 3 is a photograph of the engine setup for cylinder 
injection, . iPhe inJ eptiqn' nbazle may' be seen in the oaJ-lin— 
der head, and the fuel . pump- is in the left foreground; 
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Tfith illujninating- gas" aad valpori.zerd ;^asoline, changes 
in. tho fuel— air. rat lo and spark advance were found neces- 
sary to reduce -tliB. mean- effectire pressure sufficiently 
to preach: .the: ."Idling range- on a propeller— load curve and 
at the. same.;time to pre-serve satisfactory engine opera- 
tion w'itiiQut misfiring or "backriring. " With fuel injec- 
tion, "backfiring was not eacperienced, and it -was found 
that idling could "be tiest " ohtai'ned "by leaving the spark . 
advance .at 14° B.T.C. and reducing the. q.'U-antity of ,air 
supplied >y reducing .the scavenging— pressure dif f.erence; 

Engine speeds Tsetween 150 and 1800 rpm were investi- 
gated. Scavenging ratios greater than 2,5, or engine 
conditions, ret^uiring "so&venging pressures exceeding 18 
inches of ner cur y, were not considered of interest. Ex- 
cept., for ■. 4-dling conditions , the spark advanpe was main- 
tained, con s-t^tjit- .at 13° to 14° B.T.O,' PorJ.all rujis , the 
port ■ t lining vas -52° -t o. 55° • B,B, C .'. f o"r the inlet and 65 
B.B.O, f'or- th'e exhaiust; Ihe'se ' values had" previously teen 
found- optia-tja-f or mosfcondit'tons _of_ operajiion w.ith il- 
luminating, gas . " Pressur'es in- the exhaust surge tank ere 
virtually atnosph'er i'6, 'Obiapressioh rat io,' tjased on th.B.-. ,. 
full stroke, was 7.0 for all runs'," 

Illuminating gas ,— Runs wit h " i'ilumi.nai?ing 'gas were. 

made at a fuel-^air ratio of" 0; 227 Toy' volum?, wh.lch was • 
found to "be the "best— power mixture', .The mixture- volume 
supplied to the engine was held const an"!; .during each run, 
and the engine output " was determined over a series of in- 
creasing- engine speeds with conseq^uent deer eas ing " s oavr- . 
enging ratios; v.- Vith l&r ge" mixture volumes, each run 
started at an engine speed resulting in a .scavenging ratio 
of 2.5, and continued until "'an engine speed. of 1800 rpm 
or a r eqrii^ ed Bcavengiiig pressure of 18 inches of mercury 
was exceeded. .Vith low-mixture volumes a low speed of 
150 rpm could . tie used" without reaching a scavenging ratio 
of 2,5,, ,.Ehe high"_s.peed then was limited "by erratic en- 
gine op er-at. ion, wh ich , -usually- occurred" when the B.caven— _ 
ging rati.Q^fell 'b.el-ow .0*25;' ■ ■' ^"i".'.' 

Taporized . gasoline »-r. ^D-e'st ;pl'Ocedure witli the vaporized 

gasoline was- s imijar •• to- -^that." with- illuminating gas. Q?he 
fuel— air rat io, was. held conetaiit at 0.0,75 , a .value that wafl 
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fou33.d by means of preliminary runs to correspond to best 
power under conditions of nedium to full output. Ihiel 
f.lpw was ■ contr olled by.-a needle valve in the gasoline 
line t6 ftire vaipor i z"i-ng- tank and was measured- directly "by 
laoans of a carefully ■cali'brateLd Eotaiaeter', 'The fuel 
used, .for" tiie idiirtg 'runs -.w.as. an unleaded' domestic avia— ■ 
t ion gasoline ofa-Titfut 74 octane number. Vith this fu«i, 
detonation cons istently. occurred. above scavenging ratios 
of 1.4 to l'« 5' and' seemed to be . a function of scavenging 
ratio alone. In order to eliminate this effect, the fuel 
f or. the runs at high scavenging ratio, was changed to a 
leaded aviation fuel of. 100 octane .number ■ f irmy method, 
p-paolf lotion 92.2), Check runs under conditions where 
detonation was absent showed no difference in engine per- 
formance/with these fuels.- . ■ ' _ ' ; ' 

During the illuminating— gas runs enough 1 eakage ' de- 
veloped between' the' . inlet and exhaust |>ort sleeves to 
affect somewhat the Bhgip.e performance at'very' low speeds. 
.For tiie v'apbr'iz'ed- gas.ioline, and all" subs e4'u.eiit runs, the 
tw.o. halves'' <3ff^the. s-leeve . were ■ cl'amp'ed tightly tbgeth.er 
by' set- -3 cr'evAs"' insert ed . in the out'er cylinder barrej. ,. and 
oi.l 'wa& piimiped -'lixtt?' the. .■space between cylinder sleeves 
and out e:i* "barrel to. serve as a. seal . at this Joint. Indi~ 
cator cards showed that ..thia .pro cedur e- was effective in 
eliminating the leakage. '' " ' ' - 

In jected ga.soline ,— Vhen 'f uel •.is ..iAiected directly 

into' a t'wo— stroke; cyliiid-er ..during the ' 'cojnp't ess ion stiroke , 
'.ill ajx attempt to pa^ievent fuel loss' .during scavenging, 
'homogeneity of the.' charge must be establia-hed' wifhin 
less than 180°: of cyanfc -travel,, .ihis r'eq.uirement usu-ally 
necess itates ■ a very car ef Til 'clioi die of, .injection timing, 
nozple posit ion., ■ alxd' nozgier-spray ohsiracter ist ics . 

Preliminary' runs t-o determine best- spark timing were 

made at 1800 rpm and a s.oav.efigi'n,g. rat.,io of 1,4, which 
might be cons id«re,d rated spe.e.d and butpu-t ; with the 
start' of fuel in'j'ect ion. taking place 5° before the ex- 
ha-ast ports' c'l'osed} that is', at 240° A.V.D. Spark ad- 
vance was not critical and. was opt imiim g.t about 14^ 
B.T.C. . Vith spark set at 14° B.I.O. the injection' 
timing was then- var ied ,= ke.eping . the fuel rate constant. 
■Optimum' in j ect ionr timing was . f Bund ■t p be 200° .A.'t.O. 
( So-e'fi.gs, 14" and 15^).,. . . Engine ^p.erf prmance' was n.ot af- 
fected by wide variations in injection pressure or by 
a change to a nozzle with a 30° spray angle. 
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ifith a given air quantity, runs were made at each, 
speed and scavpnigin^ ratio at. severaX fuel- rates to ob— 
tain best p'ower and' mininuid specific fuei cons ximpt ion 
at each scavenging r.g,tio, engine speed, aJid air q^uantity, 
This procedure v&e necessary '■because the 'fraction 'of air 
retained in the cylinder in each instance, as well as 
the homogeneity of the mixture, was unknown. The fuel 
rate was held constant during- a "run hy watching the 
rotameter and adjusting the pump control. (See fig. 2(c)). 
Since the rotameter calibration was somewhat affected by 
the frequency of the pump inlet surge (in spite of the 
use of a small surge chamber with neoprene ..diaphragm ) th..e 
actual fuel rate was measured each 'time with a burette 
and a stop watch. In all other respects the runs were 
similar to those made with vaporized gasoline. 

Injected safety fuel .— Ehe procedure followed with., 
the injected safety fuel was similar to that for the in- 
jected gasoline. Preliminary runs were, made .fcJ find 
optimum injection timing. A, range of fuel rates, was in- 
vestigated at e.ach apeed- and scavenging .patio -for each 
air quantity, 

.IPhe. safety fuel Used was. -.9 5 octane niimber, with a 
flash point of 105° J, initial boiling point of 307° -I", 
and end point of 380° T. The fuel had a tendency to form 
carbon in th.e combustion space, 27his deposit had to be 
periodically removed to. prev.©n1; detonation and preigni— 
tion, at low speeds and high scavenging ratios. 



,, RESULJPS AHI?. DISCUSS lOK 

Illuminating: Gas . ,• ■ .- ; ■ . . 

Preliminary" r-Cins .— Eigixre 4 is a. plot. of the varia- 
tion of gross-. brake mean, effective pressure with engine 

.speed .for -various mixture volMmes and represents the dfi,ta 
as taken. As the engine speed- is.". reduced, with- a constant 
mixture . v.olume ,-, there is an increase' in gros^ brake, mean 
effectiv-e prea,eur6 due. to increasing scavenging- ratio, 
which results in increasing scavenging efficiency^-" Ihis 
effect is not so noticeable with large mixture volumes 
because -scavenging is' fairly complete at all speeds. The 
brake mean effeptive. pressure. As ,Be_en.. to fall .off at; low 
engine speeds because the spark advance and port timing 
are no longer optimum, and the loss in thermal and scav— 
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enging, efficiGUcy from these causes is. great or than the 
iuproyeaent d^ue to incroased scavenging ratio, 

Pr.osa the elenentary theory of fluid flow: 



where . 

M 'weight of gas per unit time 
-constant" 

A port- area 

p ■ ■ density of gas 

Ap required pressure difference across ports 

With constant inlet temperature, p would vary with 

P& , the scavenging pressure; therefore under steady- 
state flow conditions 



A p K 



Ka Pg 



Since for a constant scavenging ratio, the weight 
M is proportional to the" engine speed, "it would "be ex- 
pected that the scavonging-pressure difference required 
to force a constant weight of charge through the ports 
during the scavenging pei-iod (that la, to give a constant 
scavenging ratio) would vary with the square of the en- 
gine speed. This effect is seen to be nearly true from 
figure 5, in' which the scavengihg-preasur e difference re- 
quired (with atmospheric exhaust pressure) is approii- 
aately proportional to (rpn)^*^ at higher speeds.. Two 
operating factors present affect the required pressure 
difference, 

1. The increase in p.g .'associated with hi-gh Ap 
tends to reduce the required pressure "iLif fisrencB. 
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2. 'The iner.t ia of tHe gases "nay" tsnd to iiicr.eas.e 
t:-.c reg^\vi?ed pressure. Since the flow in' the --inlet sys—.: •• ■ 
te:a is , "6,t.ari? ed. aad. stopped once" ^abh engine, revolutioni,' ;, 
at high .eagi©> speedfe. the -siverag'e ga^ -Yelocfty for thev ' : 
eat ip3.,si3ayenging' period may-lie •only a fraction of-th.e..- 
equilityj-lija^ ^taficr^io'w v "to ■ ■„ 

Ap avaTi;^bi.^;,_'"Thi"s' Vf-'fent' is" a." function of the engine 
speed length' of '"t\e iilet sys't eia ■and" i s. "^pr _ 

doEijiarL.t.' lA '^1^^^" P^P-i^K' r'&q.iii'S'ed- .scav'enging-^ 

pres&xijo' dirjWre'abe t^^ . 
square of the speed. Ihis effect is. clearly -ehbTi/n in fig^: 
ure 6,,,, .whare it nay .J>q, sjeen that the pressure diff eren^ce 
roq^uirVd to' fo'ir ofe' a' -c-oti-e t art t weight' . of^'-'g'as- .•^hrOUgh^'th'e 
engta'«:''p€fi*. TOiit.- of :tiiii:6, ■i'n.ur ea-.s-es _with- -sp&ed,; . As -the 
1 et ViP the ' stirgo ; tank •itr the' -engine- .is- q.ui-t e short,, 
it is t'6lV- "tH-A^ :k sinil-ax eff ed-fc woTil-d.^e. -foun,d. iij. most 
two— ^'nglndsv CSjie:. ahsenbe . of '.f es.o.ji9,ncj-© p-eaks -in the 
air flow is "to "be n'o ted in .the: straightnes-s ,of .the lines 
in figure -6^' • -.. . - . . •-" 

■- 3'i>om the requiredJaoavengin-g— pressure .difference and 
mixture ■ voluTd.es , - the -s cay eugi-ng -mean effective pressiu'es. ... 
were calcul.:i.v <id (see reference l), assuming an adiabatic .. 
efficiency for the "blower of 0.70. Ihe net brake mean 
eff ectiire -priess-are-;-o.l?tain.ed -'fay. .subtract irtg this jralue. -from 
the gross- br.ake nean-s ef f eet iT^;pres sure- is |)i.o^ted against- 
engine;,.- s.pe&d in'. f-ig\3ir e.- ,7:-.f-pr yaripua- .soavong.ing r.a'bios. . 
Ihe Etn-oE s.f : constant' .s cav-enging rat io may^>e. cons ider e"^. ' 
rou^ly linjB>-. of; <iO.-n:P-tant.;. thro tt;i .p.os it iq.jL,.." since a. . . ,^ 
geared :-CT&jitip-5.-fUjgal.'. bi-pwer-, would • su^.p-ly;-- scavenging air., at. .. ^ 
pressur/a-a -approk.^iijatv&ly pr-ppor't i-oaal -t o. (ppm)?,-.. ox. almost .7 
enough .t o - niaisitain; .cons-t-£tp,t s-caT-an-ging y.;^a't .io. T-h.§ coy,r e^-. ... 
spjQrrdiitg lines -.Qf.-cQU^sit ant }ai=xt-p;2t.e-.V:Olume' in.. cuT>ic. jCeet- ^ ■. 
per -minute, mea.sur-ed aii -75° -amd .29 ..--gs .incites -of . mercury- - 
are also indicated. An airplane jpr ope-lXer-?l.o.a.d curve 
drawn through 80 net brake mean ef feet ive_i>res sure at 
18 00- rpm. is super i-miposjad on.- the plot.*. ... - , .. _ 

It may, ."be obser-^ed from this pl.ot ' tijat ^l.j-fe.tle addi- 
tional output is obtained in going from a scavenging 
ratio of 1»4 to a scavenging ratio of 2.5. 

T-h.Q curves of n^t brake ..m.Qa.n eff ective pressure 
against engine ppeed at. constant- scavenging ratio., are 
r oughly ■ hor izontal at the higJier engine . speeds , indicat- 
ing -; t hat -. caveag ing- ef f in ien cy,.impr ov.ps^" suf f i ciently with 
engine- .speed to -of if s et ihe." inor.eas in^ friofeipn ,snd ^loi^er 
hprsepowey., .. •. .. .. ' " I - \.- . ./ ". .- 
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As seen in figure 7, at a scavenging ratio of 0,4 
( and -a-, s^ffava-nging 'Jiressure of- about 0.5 in. Eg) , th*e 
engine ;&p'ee"d ■ oh^ a' prbpeHer— load cur-re was still aTsout 
lS0Q: 2r.p», With li>wer mixture volumes,, the engine would 
not ,icxm -at- spe'eds high enough (scavenging ratios low 
enough) to cause the engine— power— curve t.o cross .the p-ro— 
peller-^load curve. In order' to operate under the .idl- 
ing- cojidit ibns it' w&s therefor e'" necessary t« reduce 
either ■ the power dev'feloped at a given scavenging ratio 
or the scavenging xatio at which engine operation hecame 
unsatisf aototy;- • . 

■ Idlin'g runs . — Sfith normal 14f;B,E,0. spark advance 

and 0*22-7 -fuel— air ratio, t>ackfiring --into the inlet sys- 
tem v/otlld- always occur when the scavenging ratio droi>ped 
to aTiout .0,25.' She lowest . mixtur e volume tried under 
these conditions (f-ig. 9, dashed lines) was- 4.91 cuTjic 
:fe6t per-3Einute, at which "backfiring occurred at speeds 
above 22€ rpm. ' Ehe hrakB mean.' effective pressure de**' 
veloped was 16 pounds per squsure inch, which was far 
above the propeller— load curve at this point,. 3!h© scav— 
enging^pressute . difference req.uired. was 1.7 inches of 
watca? 1, ■ ■ '" 

With' the miSture vQ3.umes .from ■ 4.91 to 18i4 cubic 
feet- i^ei* minute, firing' v9.s fairly' regular until back- 
firing occurred at a scaveiiging rat io . .of 0.25, Ihere • 
was »1 it tie inisfiringj . but some .jirQ.ignit.ion of the freish 
charge ' o c cur r ed after the in-le'b ports closedi" Ihia pre— 
igniti^-n could be detected by rpugh running, and the 
engine, would .usually .fire r e.gularly ■ f or . a f ew seconds 
aft eT' 'cuft ing of f" 'the igni.t io,n , . The preignition was 
evid'ently caused by afterburning .in the ■ cylinder because, 
with ignition turned' 6ff , .fir ing would not. resuaie after 
a single nonfir ing .stroke.. 

rour~strofce runs .— In order to reduc-© the power out—. 

put at low scavenging ratios, there was devised a special 
ignit.ipn circuit ..that, would fire -on alternate revolutions, 
if desired,, . " " . - - ' 

Ihis method proved to be of little value for two 
reasons. At the lowest mixture voltimes, only a small re- 
duction in brake mean off ect iv.e . pr essure was realized be- 
cause a considerable fraction of the small scavenging, 
charge enteri-ng the .cylinder f.or trhe . nonf ir ing stroke re- 
mained there and was _suppleH.ent 9d ..by the fresh charge 
blova in for the firing stroke. Thus, the effective scav- 
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enging .Tat-.io-:-waa- r^tl-sed- and nearly a& nuph energy was ' 
liber at. ed^.- p ex ' r-e v o lu't" i on as before-. "St ' the ■ hi'glier eh^- 

g'inV' sp'eeds '■ the f r esh"\charge of" the nonfir.ing stroke vras 
igni't'ed' by the residtial gases of tlve .f iring, stroke^ two--' 
str O'lce" bpe't at.ion coulS. ther ef or.e . not b."e ^r p"veat ed , and- - 
little or no "reduction in power couid. .be obtained, "Sheso 
effects are ^3b.own 'in' figure 8(a). Tike curves for four^ 
stroke op er at. ion. are discontinued at ttie ■ joint ..where auto- 
matic -tv/o>— E trofce operation started." S'our— stroke runs, 
made with advanced spark in the hope that afterburning 
and preignition might thereby be prevented, produced no 
inprovement , 

¥ith normal two—stroke ignition, preignition seemed 
to occur at speeds "slightly higher "tiian those at which 
prai-gnition - ocourr ed with- four— stroke ignition., 

--/ Effect of fuel— air ratio .— Runs were made with mi.?:—, 
ture' v.o'lumes of 8.6 and 18.4 cubic feet per minute with 
normal' spark , advance /and abnormally rich mixtures-. __Ihe 
power was not greatly affected, as. is shown in figure 8(b) 
At t"h'e" higher speeds sCnd lower scavenging ratios, the 
normial • fuel— air ratio resulted in smootb. running until 
backfiring occurred at scavenging ratios of about 0.25. 
The-. T-i'cb.' mixtures did nbt backfire,' probably owing to 
their- ■lower flame t ^mp er atur. es',' "but misfiring would qco-ur 
at. s-cavengirig ratios below 0.6 and sometimes at ratios, 
cone.idetably higher . Abnormally lean_ nixtur es caused- 
backf ixing- ■ into the inlet system at 'such' high soavengi.ng 
ratios that formal runs were not at t em.pt ed. 

Effect of s-park -advance .— With normal, fuel— air ratio, 

a retarded spark reduced the power but- caused backfiring 
even at. very low engine -speeds. An -advanced- spark re- 
duced engine payer, at. low engine speeds and. r.enoved the 
backf ir ing ■a'imit at i.on a.t tJie higher speeds . l>6wer" at "th-e 
higher 'speeds tended. Vtd be independent of- sp:ark advance,- 
probably '.owing to pr eign.it ion. .. ( S.ee f ig, Svp). ) 

I-b' was "felt "t'h'iat .the" .m.isf ir ing asso.cLat.ed with rich 
mixtures' was. o'bj e'ct ionabl.e and that perhaps .lean mixtures 
would' give the req^uired reduction in- p'.bwer- without back- 
firing 'at the" higher' sp..e"eds.,, ifl u.se'd in ^conjunction . yith 
an advanceitl s'parfc. ' ihis'''co"mbinait.ioin .app'ear'ed ttj "be siic^ 
cessful, as shown in figure 8(d'). A series of idling 
runs was therefore made at a spark advance of 45° B;5?,fl£- 
and, a=fuel— air ratio of 0.143. Mixture volumes were 
varied from 18-. 4 to 4.3 cubic feet per ainute. Ai.-the 
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lawos-t ■ mixture v. olvuae , .the- pr.opell^er.-r-load -curve was crossed 
at S4G rpm.' IT'P ■ba.cki ir ing waB. e3rper-i;enc6d throughout the 
rune, . Ihe results .are shown in figu^©. with the values 
f-or norraal sparlc "and normal fuel-rair ratio also given for 
comparison. Misf ir ing . occurred .at ' .the lowest scavenging 
ratios, and the. curves are discontinued at the points ' 
where good .hra^s readings hecam^ .difficult to ohtaifi* . 
The angle, at . which the' curves of . engine mean effeptiye. 
press.ur© cross the propeller— load ' curve 'lndi cates di.']^igh 
d.egrae of speed stability. 



Vaporized G-asoline 

P roliminar.v riins .— Preliminary fuel— air runs were 

made witji- a' spark adv-an.oe. of 13> 5° . an.d._ a. scavenging' .ratio 
of 1,4 at 1270 rpm. !Dhis curve is shown in figure 10(a). 
The "best pov/er -fuel— air ratio was- found to be approxi— 
jnately 0.075, which qorresponds to. the^vaiue generally 
found f 037 . four— Bt-roke 'engines with good carburetion. 
Euns then were made with a fuel— air. ratio of 0.075 and 
various ap&rk positi.ons 'to det^erjaine best power spark 
adjustment, Sp^rk advance was not .critical, as" may be 
seen in f-igur«-.1.0.(.b),, and th<a best p.oy'er spark advfince 
"appeared to be 'a,b.out 1.2° B.T .d, Jor 8ubee"q.uent tests, 
a spark adv.an.ce of 14° B.I.d. >as used as being cojit' . 
ducive to good operatiph- at "the higher .engine speeds^ 
3?he. change i.n^pow9r ,,due to using a spark advance, of 14 
instead of 12 B.T.O," is within -experimental error. 

She gross brake mean effective pressure developed 

. with gasoline., is, shown in figure 11. The curves- are of 
the. same general shape as those obtained with illuminat— 
,ing"gas but are .about" 16 percent' higher owing to the 
greater heating value pfer cubic foot of charge. With 74 
oct'ane fuel, det qnat ion. was .encountered, at scav6n.ging 
ratios above 1.4 or 1.5., The engine could' therefore be 
operated on. this., fuel over most of 'the propeller— load 
curve. Occasional detonation was experienced at high 
engine spe.eds and relatively low s cavenjging . r ati os . This 
detonation was profeably du.p to preignition. Sinp.e.. th? 
study of detonation in this- .engin.e was. beyond the scope 
of thi.s i'nves t igat ion , detrdnatibn was prevented at: the 
higher . .scavenging ratios, by changing .t.p a leaded .aviat ion 
fuel' of 1.00 octane number. ' ." . ' - " '. . . . 
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The s cay enging pressures req^uirecL with the gasoline— 
"a'ir "aiixturies -werV flight iy''h'x^hVr than-'tho wi^h-" ilium i— 
natiixg gas 'a^ i;h^'-'same >cavfe"nging rat io and.- sp eed. " This 
df f ect- mas^- be "-due "t o highe-r- in the- cyl inder af 
the "t'iia-e 'the'^iniet- port' op^ri'S'.'-- I--t '"is, therefore, ^oseitile 
thaf -'a' s'om ewh'-a-fr latet inlet or" ear-lier exhaust opening ' 
woii'ld "bd .'opt imuitt "for oje^rat ion, on gasaline— air mixtures. 

ire t ■ "TDrgdc'e' meah- effect It e pressur-6 at constant scav- 
enging ratios and constant air -^uant it i-es is shown plotted 
against engine speed in figure 12. with a propeller— load 

cur-T.e 'superjimpios'ed^^.'.i-Wlth .a sca^ rat.io of l. ^:-^ a 

..net-hr.alce .mean effective prassure of l60. po\Lnds per 3.quare 
.in.eh vfas. developed .at .18Q0 rpm,. The ;_corr espo.nding s.pav— 
engi3ig''.pE9saurq ..waa ,14,.'?..inches_ of mpr.curV . She' genexral 
shape. .^cif l4he.se... cui^T-es -'i .yeiry .siailar "rto those'^f or illiiml— 
native .gas s.hpwn .' iii 'f igur e L . .- ... : 

Idl ing ruas .t-"1s with ^. ilium inat ing .gas , special 
means had 'to t)e ;£'pund to k'e'e^ the engine running steadily 
at /6utpu5.s aiid.'^^eeds; corresponding to the lower portion 
of ' the- progslleP^lpiiBid oUrve. . ..This te suit may .he seen in 
f igiif e _13'( a)',- 'Kh.ich _show§ ru^je .made ' with the ij-ormai • spark 
•advanciB^of', 14°;. B.T, G', ' and a. fuel-air '.ia'bio of . 0. 075,'_" 

In figure 13 the curves ' aire' plotted "for small air ' 
q_ua9.tit.ies , Pigur e • 1'3( a.) .. shows that , with-,nofmal spark 
turning and fuel— air. iafib:; .as the load- is.. r kduced and ■ the 
■ spfeed .allowed, to.. r'A's.e,, operation, becomes, unsatisf acto^y.^ 
befpr'e the mean effe.ctijre preegur.e is. sufficiently red-vi.ced 
She da.shed' p6rj;.l,05;, .of". .the., curves indi-cates the. regioa .of 
f'a^-Sly .steajly r.unning" with" f pur— str oke and six—stroke 
operation. The curves end where good brake load, readings 
could not be obtained, 

"tf.ith an actual propeller, load, figare 13(a) shows.- 
that satisfactory operation could be obtained down to 
950 rpm by throttling to an-.air q.uantity of 18-. 4 cubd..c 
feet per ninu'te, with a scavenging pressure of 0,7 inch-.- 
of mercury required. With more throttling., the engine 
. might., stall unless som-e means were provided for increased 
loadln.g. . H.e.ap effect ive. pressures .iep.s than 15 or 20 
pounds p'er scfUare 'inch were not poss'ible, regardless of 
engine speed or air quantity used. 
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Ef f .6 6t of ■ B-park. advan ce .*?- !l!lie ef f e.ct ' of = spaak advance 
in^r educing the .output is': ahowH ' In- figure 13(b). A- re- 
tarded spark resulted ilx violent "backfiring ani. was ther©- 
f era' eliminated: from consider at ion after a few trials. 
Both and. 45°. S";! ."0. spat k' a'dv an ces -suppressed the' 

■backfiring and- permit t ed ' operat ion at high enough speeds 
and- low 'enough' scavenging' rati'oe to cross "the prop.&ller— 
load curve, Ihe steadiest operation was obtained with a 
spark ' advance' 'Of '46° Bv{D,0'.' • ' •- . 

Adv anced 'fepark and varia"bl"& fttel'^'alr ' ratio . ~ fiuns 

were' aade with. 45 B,2, 0<. spark acLvance and various., fuel- 
air Ratios ( f ig. 13( b ) ) ' in an eff!drt "to. reduce st lll fur— 
ther the; engi.n.e power at low. air 'quant ities , It .w^-s- , 
found, that a r'e'ducLtion in power could- be obtaijpied with 
'either a rich" or a lean iaixture, but.; the lean mixture 
(0.065 fuel— air ratio) caused rough operation before the 
propeller— load curve, was- reached . ffih.e .fuel— air iSratio of 
•0,13 gave...th« greatest, .reduction,- bu.t firing was somewhat 
steadier at OilO. Th.Q .runs of -f Igures- 1'3( b ) .iand". 13( c) 
wpre made with' .an, .air . q.uant ity -.of •8.,59 .• cubic "feet per 
minute. As a oheokj. a. limited niynber of Idling rtins were 
also .made at. air quantities of7-4..9. and 3„7. cubic feet per 
minute' with similar results. 

'J'igure lS(d) shows- -t-he final idl.in'g rujts made with a 
Spark ad'yance.'-'of .45° B,a?.'0, and' a- fixel-tair ratio of -Q.IO. 
It '^v^as .f.oui^d po.sstble ..to idle t o -ab:0,ut- .600 ■ rpm.. . Ihese 
idling our -7 es p,re, replotted in figure, l&s-and give a.vcom— 
plet© pictiire of ji'.et" perdf.ormance o.n',vapopized g.asoliQ"e, 
Idling at 600 rpm .is. .s e.en to .r%equire- a -scavenging- i;at.J.o 
of 6.15 . ,. 

Cutting out half of the cylinders in a mult icyl inder 
engin« would , permit somewhat- lower idling speeds- or more 
steady operation of the remaining cylinders at the same 
engine speeds, .Adjustment .of . spark advap-ce and fuel«T.air 
ratio still wouid-b"e ad'y ;is.a"ble. •'-.!" 

•Specific f u e 1 c o n s ump t i on . — She fuel consump.tlon ob- 
tained with va^por ized and .. inj ectad ' fuel. will be 'dis- 
cus seid later, . .. » - ... ... 
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G-asoline Inj ectd'on-; " ■■■ ' . , . 

: --P r ^liainary ".runs 'Pr ell.ialB.ary riins' wer e made at 

18.0.G- .x.jfm • a'ad. "a sca.v6ri.gln.g ratio of 1»4 to cLeternlne a 
sat isf act or^y ■ in^ject ion nozzle - 0,nd' riozzle" posit ion. ' It . 
was found th.a.t,._ a. nozzle pos4-ti.Gfi. on th© inlet s ide ' of ' ' 
th.e •cy.lih.de?, as showu~in figur e' 2( c) , §ave slightly " 
!bett-er"pow6r ". and,, that "peak power ooburred .at leaniar "misj- 
tures than when ;0:th6r locations were -used,' iPor the"se 
runs i.the Spaplc advance 'was; .seit -at 14° B. T, 0. and fuel ia— 
jtect.dfOJi was .timeds'to start Ji?.st- "bef ot e the 'Exhaust ports 
Alos6d^ (■34p°' A.'5)..i3..) ■ leats with 8° , "12^, and 30° Bosch 
pinti'9' nozzle? showed little differende in performance." 
5|he,-..12? nozzle was used for all suTis&quent runs.. 

,j . •jr..!!;he- .''af f ect of spark advance at "best— power fuel rate 
'is ^howh- in. f "i^re 14(a).. A spark advance of 14° B.T.O.' 
was- chos-fen' f or .the final per:? ornsaace runs, - The" effect 
of ' variation? . in fuel rate at 1800 rpm and a scavenging., 
ratio, o^f lo4i w.ere then made with a spark . advance .'of "^l-i" 
'B.E.G,.. (These curves are shown _in'' figures .14( h) and ij.4^c). 

Th-e' effect" of variations in the injection timing is 
shown in figure 15 at 1800. rpm, scavenging tat io .jof.l.4j 
spark advance ., of .,^4.° B. T.Oi; and .heV^J—povfer -f Uel" rat e -as • 
pr ev.ious'ly det ernin.ed.- .In oi*der t.o malce" it' jiossihle to ■' 
adj.ust for.' any d'eBi4:6d-in;J^ection .jangle, '-the' posit i-oa. of 
the- punip ctsive . coupl4ng. ccrr'esp'^ndliug to st artj of^. inj ec— • 
tibn at • p40.°'. iiSi-S. was . det erm ined_ hy observing .'the .fuel 
spray with a- stro'^oscope,' while motoring the engine iat ' 
ahbut. 1500 ri^m, With pump delivery . adjus'ted t o .corre*- ' 
spond' appro-.3:imate'iy .to "best— p over 'fuel: 'r&t'e at this .speed 
and a .e cavenlging' r ?i,t iq ofj 1. 4. 57he p-u.np • dr Iv e coupling" 
was map kefL; for 'this -timing, ahdV'pthe.if ■ iixjectiohs ' adjust''- 
ments wero iaade- by .changing the coupling ■'by jshe. desired- 
angle. Small" 'changes, in- actual inj ection' "t iming are'^'to 
be expected with va.r iatAons" i']r"pu>p - speed and fue.l._ r a 
This method Was- cons id ered' sufficiently ac-ciir ate, how- 
ever, becflrUS-e the output is not very sensitive to small 
deviations from the optimum injection Jjdmi'hg; '^Ihe effect 
of injection timing at- three-'-vj-idely. different speeds and 
air q.uantdities- is f sh6wn...ini'f igTit" e ,15. : .Tor' these "i!-uhe[,, 
the maximuia power', .or. the ..best' ■ -e con o..my fuel rate, was 
first, determined at', a^. 4Rj-«ct^i"o'n;"timing -.af - 240^*^ A.'.i.P, • 
Since "th&r.eadiaust. por,i>s clased'' at 2.4.5°.,.-. little "or . 'jio. 
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fuel would "be lost from "She " exhatist at this injiection. 
timing, Tlie fuel rate thus .determined was ther eaf t er 
heiot cDnstAnt fdt all injedtibn— timllig runs, ■ 

It" \^ais •found that' for all -lyhfe' ^p&eds ■ and loads- 
tried,. an injection t imlng • of abbiit 300° A. T , 0. ' result ed 
in saaximum output, This value was therefore chosen as 

■•^■'good ■eoapromiae. "tietweeh homogeneity of-'charge and 
loDS of fuel from the exhaust. Figure 16 shows that, if 
the fuel lo6B> caused "by earlier infection timing is made 
u]B hy Increasing the fuel rate', the increase in power 

'caused' TDy the. improved homogeneity is sufficient to com— 
pen-Sate for the fuel"16s4i and the brake specific fuel con- 
sumption is actually lower. It would appear that further 
st\idy of thsse effects would 'be.wr.rch while. With the 
extremely" sarall fuel quantities roq.rji.red 'for idling, it 
was- anticipated chat fuel pump del'lTfei-y would "be more 
c65xsis'tent if* lower in'jeciioh pf esaur;es could be employed. 
'It'Tiras found that, as long- as- there was enough spring 
pressure to hold the injec-f;ion vaive against its seat, 
wide variations in -injection pressure had no noticeable, 
effect on output. 

Power runs .— Power runs were all made with 100 oc- 
tane gasoline; in.jection timing "was he'id conptant at 200® 
A:.'I.C.; and spark advance was held constant at «14 B.S.C. 
Ill other respects the runs were similar to those with 
'Vaporized gasoline except that a series of fuel rates was 
run at each speed and each scavenging ratio. These ad- 
ditional runs were necessary because the quantity of air 
remaining in the cylinder, and therefore the best fuel 
rato for a given condition, could not be determined in 
advance. Both the maximum "brake mean effective pressure 
and the minimum' brake spe.cif-ic fuel consumption could be " 
obtained , by operating over a range of fuel rates at each 
point, IPypical ftshhook turves of brake specific fuel 
consumption against brak« mean effective pressure are 
shown in figure 17, 

It was found that, with fuel inj ect ion , backf ir ing • 
and prelgnition of the fres'h charge were absent. The 
principal reas6n for this absence is undoubtedly the fact 
that no fuel was introduced until roUghly 70° of crank 
travel after the start of scavenging. The limits of op— 
erat'ion were marked only by irregular misfiring. At high 
scavenging ratios, the fuel rate could be varied from 
richer than best power to leaner than best economy before 
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encountering irregular op er'at-ion. At low scavenging 
ratios, only th.at portion of the fishhoojc curve corre- 
sponding to the richer mixtures- could "be "oTstained. 

Idling runs .— Preliminary runs had indicated that 

an^injection timing of 200° ..A. T . C,...-was also optimum for 
low air q.uan.titios . . ■ ( See fig. 15 • ).. therefore all 
idling runs were made with t^is inj ection. t iming. At 
each gpeed and scayenging ratio, as with the power runs, 
a wide range of , fuel rajbep was investigated.. An advanced 
spark wa-s- found. t_o result in markedly irregular opera- 
tion. Ihis effect was "believed to Ise caused Tsy the 
shorter time availahle for proper mixing of the fuel and 
air, 'A'similar effect of ten' has heea. noted in f our— _ 
stroke gasoline engines operating with direct cylind&r 
injection, tor example, a 'spark advance at 40 B.T.C. .. . 
wouid permit only 120° of crank travel between the s.tart 
of injection and the' ignition of the charge. A,, r etftj.ded 
spark (T,0.) r esult ed • in • slightly smoother op.erat^on. at 
scavenging ratios .ahoye 0,5. Below this value, the _ 
standard 14° Bvi. 6, - advance was equally ■■ good, = however , 
and it was therefore decided to operat-e &t this advance 
f or ■ .all.,'idl.ing runs ,', . ; j " ■' -'. " 

■ ?-igur..e .lg:"xhov^s perfornance using inj ected' gasoline 
with .scavenging ratios down to 0. 2-. • Satisfactory idling 
was oh.tained a^, low Xs' 4ffb rpa:with a net "brake mean ef — 
fectlve pressure; qf. 'e pounds per squar© inch. - At .1800 
rpm .and a scavenging ratio of 1.4, a net "br'ake mean ef— ■ 
fectiye pressure of 100 pouii'ds per square inch was oh—, 
tained. Ihis* rSSult is the same as -that ohtained with ■ 
vaporised f uel *an"d indicates oonpai-shl^ oomhustion, efr-.; 
ficiency. In other respects the curves^ are similar to 
those of figures 7 and 12. As previously mentioned, 
the fuel r at e" wS.s' much more critical at the lower scav- 
enging ratios. 

Owing to the success of th6. .idling runs with normal 
inj set ion only a few experiments wer.emad,© with fuel inr 
jection on alt ernat e ■ strokes . It was ests-hlished, how- 
ever, that little or no r'feduction ■'power re.sulted 'becaus© 
additional fresh iair . was supplied during. the second, 
scavengiiig period."- is possiljle t"hat. lower, scavenging 
ratios could have heen employed under these conditions. 
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Ilij^cted Sstfety Fuel ' ■ " ■ 

Ehe setup', the auxiliairy. apparatus, and the gonoraJ. 
procedure used with safety fuel was the same as that used 
with in;)ected gasolines 

Injection timing runs w«re nade at 1520 r.pin, an air 
quantity of 73,6 cubic ' feet 'per minute; and constant 
fuel rate, to det ermine . whether the reduced volatility 
of the safisty fuel would req^uire a' change in timing. 
Spark advance was held at. 14° BcSi^jBs = An injection tiain 
of 210° A.T.O. was found to he optimum and' was used 
throughoiif; ■ . " . 

At each air q^uantity, fishhook curves were obtal-icd 
at various speeds, exactly as with the -vapor i 2s ed gasoline. 
Power' and fuel consumption obtained with the safety fuel 
were almost the same as with, g-asoline. Idl-ing runs were 
made without changing the spark ■advance . .' IIfh:e results of 
the power runs are- shown in. figure 19 . ' ' " ■ ■ ... 

■6ne serious trouble, encountered, with the safety fuel 
was carbon formation* Apparently ' some of . the heavy ends 
did not take part in the combustion, and deposited on all 
parts of the combustion space, including the fuel nozzle. 
Although the Siiei" was"-9B" octane , pxeignit ion and detona- 
tion r-Qsult'ed,' even at -fairly low .air ■quant-itios... .In o.no 
instance carbon on the fuel noaalo interf &r.ed sufficiently 
with' the spray to affect seriously the engine aperation. 
Carbon formation with- g-aso-llne was- negligible , although 
lead deposits on 'tfpark plugs req^uired attention' at long 
intervals, 'idling -with safety fuel appearect to, be only 
slightly more difficult than with gasoline. 



Brake Speoif-ic "Fuel Consumption. •• 

Vaporizod gasoline .- When the fuel-air mixture is 
used fbr scavenging., specific fuel cbhstusption depends 
upon the relatipnshi_p between power and scavengj.ng. ratio. 
As the scavenging ratio is increased, engine power in—- 
creases but more fuel is ' lost out of the exhaust ports 
during the scavenging^ process . Fufel used will bo equal, 
to air supplied multiplied' by the fuel— air' ratio: 

S.H. X p,-X X ^^fl^ XP (1) 



Pounds of fuel 
hour 



r 
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Pj_., . ■ •• .Iqalet : ■d'feti's i^i^^ .Z^ . 

■ F fuel—air ratio • - 

^ .. : -net-bmep x x x.' rpm" • 
' j:|^7_Hp3:seppwer. output = r- !— ' J_ : . ' i ;- -■ — " — • ' " ■ v2; 



• ■■ -D i'aine ' ( 1 ), (. 2 ) : . 

. • l»fi'f;C ..=?■ — V- ■ ■ — 3- 

. .f .vi:." , ,. i\et . l?mep ■ 



33000; 



60 X .33000 X 13 



T *■ - 



If ■■ . 
and 



■ fj j- = ;0. 0.742 • . "( 75° S) . . ' 



. F ?=• 0 . 075. 



■ ■;• ; 1 



■bsf.c' 



net' l)iaep 



: 76 ; 6: 



■ The .-ne* • •'brake'.iflean e^roct'iv'e pressure recj^ulr^d for -.a 
propeller, load- Is; showia 'in figure r2. . "Tliis- curve is pro— 
portio3a.al to (rpm)^ ^ind is drawn through an arhitrarily 
chosen. •'Vfvill-' throttle ""point 'at an. engine speed of. iJeOO 
rpm.and a f^e^venging irfetib -of- 1.4. Brake spe cif io- fuel. .' 
consiunpt ion .may "be calculated directly .from , f igur e;lS".';T)y' 
us ing,.eq,uat i.03!i' .(.3) •■. Cur-fr-es o"f" specific fuel -.consumpt ion ■ 
against eng^n-S ."speed ■lirere' baliulat ed f qr pr.ppeller load, 
full— throttle , and etuis ing "condit ipns ' and" q^re plotted 
in f igur 6 :20 , '. ■ SDhe throttle position for cr o.is iiig was 
chosen to give propeller— load p^.ifer ^ at .155.0 . 
previously merit ione'd>--'a; g"e-ared 'c^ehtFif ugal '"Fap.er ch^arger 
having an qo^tlet pr es.sur e -.pE'op-QT t i-dnal to ^.t'ps)."! should. _ 
supply, j at .f ijce^ .thr Qttle a >n'ea!ely ■don-'stant\.s'cav^hging ■ 
ratio- over a range, o.f: .s.^e^d-e-* .iShie "ohserved:' stj'avehginjg, 
pr es'sur'^s". f or_ „yq,r ipua ..qQaistant. :«caTe'nging r-atao.&;7weF'e , 
■plotted! aga;iga%t jenjgi]i.e;..;.spe.e.d::, ^giff"':was— done'lftf^ lllum^in^il;--; 
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lug gas in figure 5. If a line of pressure proportional 
to (rpin)s is drawn through the point corresponding to 
full throttle or cruising, it is possible to ohtain the 
actual change in scavenging ratio as the engine speed is 
reduced under these conditions.. iPhe corresponding air 
quantities are shown in figure 21. "Shis figure also in- 
cludes the air quantities required on the pr opoller— loa^ 
curve. Straight dashed lines of- coixfetarit scavenging 
ratio are shown for comparison with the constant— throttle 
lines, • "i" 

In ,.re£orenqe. to. figure. \?Q, the high "brake speoific 
fuel c^ii-sumpti-on near- full - thro tti.^^^^^^ to the rela- 

tively large scavenging ratio used, with the attendant 
loss of fuel from the exhaust in.t]^e expels spaveriging 
air. As the engine is throttled-,' the "brake mean effec- 
tive pressure falls off more slowly than the scavenging 
ratio, and consequently, less air ( and. fuel ) is wasted 
an d the h r ^ke . spec 4 f i c . f u e.l ' : J2t>j3,p.}i^p.t! i.ak improves. At 
low speeds "and . lov/ s cavengingi^rat io« a small reduction 
in scavenging ratio, produces a larger reduction in scav- 
enging of ficiency.. and.. power output. It is also pro'ba'ble 
that the port shapes and the timing aie not correct for 
low speeds and low scavenging air velocities, Ihe hi^gh 
percentage of residual gases uhdtou"b1>edly increases com—" 
bustion— time losses. The foregoing factors coupled with 
a decreasing mechanical efficiency lead to an increase 
in 'Drake specif ib' ifiiel cTyH"B\tm5"t ion "at'low outputs. a?he 
minimum "brake specific fuel consumption, which occurs at 
ahout 1380 rpm, is 0.835. All values of "brake speoific 
fuel consiimptipx}. ar e. high; compa;f ed,.;vitji ;anj equivalent 
f our—stf.oke engi-ne.' Altho.iigh few 'runs were made at other 
than a .fuel-air rati.o of . 0.075. with vaporized:; gasoline , 
the da* a f r om. prej. iminary. runs^ ind-icates. that^ brake, 
specif ic .'fuel. ciDnsiiimpt'lon m-ay " he. reduced- roughly 12 per- 
cent ^hy punning., at., h.eS.t ."economy.- inst-ead of-rbesti; power 
fuel— uiy ratio!. The' curves of., brake specif ic- f-ael con— 
sumption at the fixed t.hrottle .aet tings reflect the . 
tiroj; in n elan, effective . pr©B,sure at reduced, speeds and 
constant Bcaveng;lng ratio,, as shown in figure 12. 

Injected ^asolin.e .— Jrom the. standpoint of; fupl— - 

pump . opnti7.ol it -is, of, interest to- know the fuel" requ-ire— 
ments•;.of .rt.he ongin:.e-- in. weight jof r fue-1 per workingi stroke, 
a?he i.ve.ight of. fuel required, per stroke fot best power, • 
plo-t-t:p,d ag'ain-at .engine sp-e&d f or -voir lo'us constant "air quan— 
_t;it ie§ j' is -obtained dir ectly- f roa ths test- d'ata' and" is shown 
in figure 22, Ihe fuel required on the propeller-load curve 
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is olitninable iy noting the engine speeds at whicji the 
propeller— load curve intersects the lines of constant 
air auantity in figure 18 » From figure 21 the air q^uan— 
titiss that would "be supplied over the speed range" "by 
the' scavenging Slower at full throttle, or at cruising 
throttle, jnay he ohtained. These values of air quantity 
and. engine speed may "be plotted on figure 22 to give . • 
the fuel— pump— delivery req^uirements for these two throttle 
settings. 

At full throttle with the- a cavenging ratio" somewhat 
ahove 1.4 for mofft of the speed, range, the fuel recLUired 
per stroke remains nearly constant for speeds ahove. 600 
rpm. At cruising condition, the scavenging ratio is also 
nearly constant over a range of speeds. It will he seen 
that somewhat more fuel is required per stroke at the 
lovrer speeds. Since net hrake' moan, effective pressure 
(and indicated mean effective pressure) is less at these 
speeds (fig, 18), the quantity of fresh air remaining in 
the cylinder per stroke ( scavenging efficiency) probably 
also is less. HJhus the extra fuel supplied is not con- 
sumed as efficiently, if at all. It is prohahle that the 
scavenging tlqv changes at low engine speeds and low 
scavenging pressures. This result may interfere with 
estatli.shmenfc of charge homogeneity, thus requiring a 
greater quantity of fuel to utilize the air present, or 
it may he that .under these conditions more fuel is lost 
through the exhaust ports. Pigure 15 shows that optimum 
injection timing remains at 200'' Alfcfl. jEhis results . 
would seem to Indicate that the relative importance of 
homo-genoity and exhaust— port loss remained the same. 
Both factors prohahly hecome worse at low'Speeds and 
scavenging pressures. Bhe Increased quantity of residual 
gases pres.ent with poor scavenging may r-equlre rich mlxr- 
tures for hest power, hut this posslhllity is thoughttfeo 
he unlikely "because the occurrence of increased residual 
gases does not affect the fuel— air ratio for hest power 
in four— stroke engines (reference 3, p. 144). 

The fuel quantities required per stroke at fixed 
throttle, are constant enough so that a simple linkage 
connecting air. throttle and fuel pump could he used and 
would give a predetermined- constant, fuel quantity a.t each 
throttle setting. The fuel required per stroke ;Calis off 
on the propeller— load curve as "the air quantity supplied 
hecomes less. - ■ - 
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T\tdir^al a: ratio s\\^plde"d .— Tb.e fuel— air . rat io sup- 
plied is plotted against engine speed, in figure. S3. The 
inief feot ivo "u»e of the fuel .supplied, at the lower engine 
spoods,ls r ef loot od her 6 as ah increase in required 
fuoi-^air r-citios. She higher scavenging ratios used at 
full- ;'thJrot^;le laoAn' that much of the air supplied does not 
r omain in' the cylinder; thus;_the "best povcr fuel— air 
ratio for "full throttle , 'ba^'S^- on total air supplied, . 
appears as the lowest curve i;i this figure. 

S'i^uro 18 sliow's ' that ^tlie . mean effective pressure 
( n.n4' thor of or e the ' ity of" fresh air remaining in 

tho cyliador p_or stroke) is fairly constant ahove 600 
rpm if _th§ ' throttle position'' or scavpnging ratio la field 
constant. Sihte the" f uel-^air • rat io supplied for "best 
pow6r is also, nearly constant. .atipve thiS; speed, it would 
aplpoat .tliat tho.fabtots inf"luonoing the utilization of 
■"the fuel supplied are c6nstg,n.t-:. at " the.;, higher engine 
speeds 4 ' ■■• ■ ■ -■ 

Ihe net hrake \.specif ic". Jhl-6l consumpt i.on ' f or the in- 
ject ed— fuel "i-vins ' is obtained ."m-p St." easily from the pounds 
of fuel p-or Btrd'Jce b'f figure 2'2 and the corresponding".'., 
net • •'br ake " aean effpctiy.6 pr eaeUr es. .of . f ig;ur e 18. 

■'" 'i- J. V f^V/-i "\ " ■ IV fuel rpm .." X 60 x 33C0'0. 
:liet ,l5Sf.e ( ll5./hp:^hr ) ^ ^r^ — — w x ■ ■■ ■ ■ == 

strftko' ■ nst" "bmep x " rvn- 

■ .. , r- ■ .■: ■ ^ ■ . .:, . • T . 12 

. ' ■ Ip fuel ... .._->..... - ■- .■ , -.. 

■ ' ■ , ■g'tr oke " ' . m. 

- . = - — 249 x 10 • . . 

. .- ..-net .tmep •. «• ' , - 

jiguire .24, p.re.s^nts' the .jiet, .'.br^ke .speoifip; fuel consumpr- 
tioh plptt~Bd.againjp.t. ejxgi'ne speed- fjor various constant-- 
air q^uantities. These values- were, ohtained. at the he6,t— 
power fuel rate. " An inspection of f-igure 17 indicates 
tha.t the use of . a hft.s.t econoiay fuel-. -rate would improve 
the'se Tal;ues: ahout 10' per cent, at the higher outputs. 
With very" low air quantities satisfactory -ojjaration was 
.not phts^ii^ahle at minimua TD^-ak-e specif ic-. -fuel consumption 
"fuel, rate .'. . T.„... ". •"' -.. " .-: \ - s 

For oach'"aiT quaatity shown in figure .24, "there is" 

an engine speed at whioh net "brake specific fuel con- 
sumption is a minimum. With constant air quantity, tfaij 



NAOA iEeeknieSa 'Uotei "iTOi 919- 



25 



low scavenging ratios assooi.at acL "v/it!h liigli" engine sp.eeds 
result in poor scavenging and" wasted .fuel caused "by four— 
strofc-6 and "six-stroke operation. ■ This- effect causes 
the "brake 'specific fuel- consumption curve to rise at 
high speed. It is . inter est in-g to note that., at higher 
speeds' and air q,uant it ies-, the "brake specific fuel con- 
sumption is not grea,tly affected hy large changes in 
scavenging ratio» This result may indicate, that the per- 
centage of the fue'l lost from" the exhaust was myre or less 
independent of scavenging ratio. The losses associated 
with low output, as air eady -dis cus s ed , are evidai.t in the 
curve for an air q_uantity of 24.54 cubic fest per minute. 
The Values of "brake specific fuel oonB->-.Tnpt ion for the 
very low air q^uantities are not plottbu.. They are higher 
and more scattered, owing to the rich nixtures required, 
and the four— stroke and six— stroke operation enccu.hter ed» 
iPuel consumption was not considered of particular inter- 
est at these extremely low outputs. Figure 25 shows net 
"brake specific fuel consumption on the propeller— load 
curve and the two chosen constant— throttle settings. The 
brake specific fuel consumption is seen to.be q^uite reg.— 
sonable for an engine of this size in. the usual operating, 
range* 

figure 26 shows the motoring friction ^ean .effective 
pressures measured' o'n the 11. I, T. engine^at various en— • 
gine speeds and scavenging pressures." These curves show 
the usual rise in friction mean effective' pressure with 
englSB speedy .Th© .reason,, for the increase in motoring 
friction mean effective pressure : with scavenging pressure 
is not apparent. Cylinder pressure acting on the piston 
rings may be responsible. The relationship .between the 
actual friction mean effective pressure un'der firing con- 
ditions ( imep — bmep") and the motoring friction mean ef- 
fective pressure is not known. The points shown in figure 
26 are the average of several determinations; consistent 
values were difficult t9 obtain, even though great care 
was exercised in keeping, the t emperature" of fh.e oil and 
the water jacket constant. 



OOUGLUSIOirS . 

iffrom tests mad-e with a pis ton— per ted two— stroke 
cylinder of 4j~ iach bore and fr— inch stroke, it has been 
concluded that; 
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1. .yuel" inj epib iph. .dir ectly' ioito the cylinder of 
the' tv70— str.o^te.,ehg.lno is td 'lie,, pr'ef Qr.red pVor jihe use., 
of a pi*€j— Hi xBd charge^ f.pr the following reasons: 

( a) Sp;ecif ic ,fu8l coix.suEi'p.t ion could he re.duced 
to figures comparable with small four— stroke air- 
craft engines, .... 

(.I)')' Idling was p.ossible without "baqkf ir.ing. or 
preignition and' without change in engine adjustment 
other than reducing the scavenging pressure and fuel 
rate, 

(c) At engine speeds above 600 rpm, the fuel 
quantity required ;per stroke varied principally 
with thrott-le setting. It vrould therefore appear 
practiaable to control the fuel pump by means of a 
simple linkage, to the air throttle. 

"('d) Net brake mean effective presstire with in- 
ject ed ••'fuel waes jupt as high as with vaporized fuel; 
•that'iBj about lOO^pounds per. square inch at an enr- 
Sine speed of 1800-rpm and a scavenging ratio' of 1»4. 

2. Early inj^e^b'ti'on "tlni.ing- (200° A.f , 0. ) was nace^sary, 
under all conditi'ons ; "probably owing to; the ef f B^ot" on .. . 
charge hamogeneity .• 'An Vadvanoed Bp'ark resulted, in irregu~ 
lar operat"ion with fuel 'injectioii , prob.a.bly for .the ,s^e 
reason, ' 

3. Since optimum -fu^l— injection timing remained the 
same at low speeds, although the-re" .'was evidence of in- 
creased- ■fuel..._4.oss,. -..it would appear, that both charge homo- 
geneity and fuel loes, fi.om the exhaust became woree af low 
speeds , 

4. With a given scavenging ratio, reduced mean ef- 
fective pressure and increased fuel losses oo^u-.*red at 
low speeds with all fuels and .injection 8yBtc>?s, 

5. The use of injected safety Irel is u.q« r «comneiS.ded 
on account of its tendency to deposit carbon on ooabus— 
tlon— space and nozzle surfaces. 

6. Operation 'With fuel mixed with the scavenging air 
resulted in oruis-ing fuel consumption about 70 percont 
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higher ax.& in full— thr ot tie fuel consumption, aljout double 
th© values o"btained with injected fuel, 

7. With normal spark timing and fuel— air ratio, 
"backfiring with vapor iEsd fuel seemed to he a fun^pA^^ 

of scavenging ratio only and occurred in the neighhorhood 
of 0.25, regardless of engine speed. 

8. Idling could he accofflpliahed with vaporized fuel 
hy advancing the spark and using a very rich or very loan 
mixture. The us© of a retarded spark resulted in violent 
hackfiring* 

9. Sfhe use of four— stroke ignition was not a satis- 
factory method of reducing power for idling purposes, 

10, A high specific output was attained with the en- 
gine, namely; 3.75 net hrake horsepower per sq^uaxe inch 
piston area, at the rather moderate piston speed of 1800 
feet per minute. This result, together with its great 
mechanical simplicity, would seem to make the type at- 
tractive for development as a low— cost airplane power 
plant. 



Massachusetts Institute of Technology, 
Camhridge, Mass., January 1943. 
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Figure 2.- Schematic layout of test engine and accessories. 
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(b) For operation on 
vaporized gasoline . 

Figure 2*- Continued. 
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Figure 4-' The effect of engine speed on gross trake gean effective pressure for 
various mixture volumes; sparlc advance, I4. 3.T.C.; fuel-air ratio, 
0.227J lllumlnatinE gas, (Volume measured at 29-9 in.Hg). 




FlgTire 5 The effect of engine speed on scavenging pressiire 
difference at various scavenging ratios; illumina- 
ting gas. 
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Figure 6,- The effect of engine speed on scavenging pressure difference at various 
mixture volunieSf measured at 75°F and 29.9 tn.Hg; lll umlrfa tlng gas. 




B.T.C.j fuel-alP ratio, 0.227; lUumlnatlng gas. 
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,a) Contparlaon of tiro- and foiir-atrokB operation. „ ^ - j. , . „ , , , _ « 

Sj^rk advance, 14°B.J.C.; f-gel-alr ratio; 0.287. ^ effect of fuel-air ratio. Spark advance, 140B.T.C. 
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(d) !?he affect of fusl-alr ratio. Spark adTance, 
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(c) The effect of spark admnce. Tual-air ratio, 
0.237. 450B.iP.C. 
Figure 8. - Idling runs showing the effect of fuel-air :ratlo and spark advance on 
brake mean effective pressure at various mixture volunesj illuminating 
gas. 
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Figure 9,- The effect of engine speed on brake mean effective pressure, 
snail mixture volumea; illuminating gaa. (Final idling runs) 
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Fig. 10 
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(a) - She aff eot of fnal-air ratio on brake maan ef f eetlve 
pressure. 
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Cb) - The effect of spark advance on brake mean effective 
pressure. 



Figure 10.- Determination of best fuel-air ratio and best 
spark advance; vaporized gasoline; mixture 
volume, 98.2 cu ft/mln; scavenging ratio, 1.4. 
engine speed, 1268 rpm. 
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Vlmire 12«- Th« effect of teagXae speed on net brake mean effective pressure at 
various seaTsnglng ratios and air qtiantltl«s; vaporized gasoline. 
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The effect of spark advance on brake mean effective 
pressure,, fuel rate, 288 eo/mln. 
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(b) The effect of fuel rate on brake mean effective pressure; 
spark advance. lA B.T.C.. 
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The effect of fuel rate on brake specific fuel 
consumption; apark advance, 14 B.T.C. 
Figure 14.- Preliminary runs with injected gasoline; injection 
^ X4 angle, 240* A.T.C.; engine speed, 1800 rpmj 
scavenging ratio, 1.4; 30° pintle nozzle. 
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Figure 15.- The effect of tnjeetloa angle ofn toake mean 
effective pressure for various speeds and air 
quantities; sparlc advance, 14^ B.I.G.; 
injected gasoline. Best pover fuel rate except 
as noted. 
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Figure 16 .- The effect of fuel rate on gross brake mean effective 
pressure and gross brake specific fuel constimptlon at 
two injection tlmlngsj engine speed, 1520 rpm; air 
quantity, 73.6 cu ft/minj spark advance, 15 B.T.C. 
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Figure 17. - Typical performance curves for Injected gasoline; 

spark advance, 14° B.T.C.; injection angle, 
200° A. I.e. 
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Finvo 19* - effect of engljue speod on brake mean effective pressure at various 
scaTenglng ratios and air quantities; spark advance, 14° B.I,C.; safety 
fuel; best power fuel rate; injection angle, 210° A.T.C, 
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Plgur6 9>. - Air qusntlty required at ccnutant throttle and on a propeller load 
curve; injected gaaoUne; spark advance, H° B.I.C.; beat povar foAl 
rate; injection tlning, 200*' A.I.C. 
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Tlgan S2>- Foel quantity required per atrdke for various air quantities and 
throttle settings; Injected gasollnej best power fuel rate; spark 
advance, B.I.C.; injection ttmlng, 200° A.T.C. 
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Ftfon S3«- Fuel-air ratio supplied to engine at constant throttle and on a 
propeller load eurre; injected gasoline; best power fuel rate; 
ayuk advance, Ufi B.I.G.; Injection tialng, 200° A.T.C. 
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OA - «rhe Affect of mxliw speed on net brake specific fuel conauiption 
TOrtSs SnSS* air Quantities aud scarenglng ratios; injected 
SbSSS; baS pSar fuel ratej tojaction tiidng, 200^ A.T.C 
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Flsoregs.- Het brake 
propeller 
injectlodi 



specific fuel consufflptlon at constant throttle and on a 
load curve; injected gasoline, best power fuel rate; 
timing, 200° A.T.C. 



